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(54) RESIST PATTERN FORMING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase strength of a resist 
pattern in a resist process using a chemically amplifying resist by 
carrying out a treatment with an aq. crosslinking agent soln. using a 
crosslinking agent after development and by heating the resist 
during the treatment so as to allow the thermal crosslinking agent 
to permeate through the resist pattern and to cause thermal 
crosslinking reaction in the resist, and therefore, to prevent falling 
or bending of the resist pattern due to surface tension of a rinsing 
liquid, and to form a good resist pattern. 

SOLUTION: In this resist pattern forming method by which a resist 
1 1 is exposed and developed, then the developer 1 3 is removed 
and dried, the resist is treated with a crosslinking aq. soln. without 
rinsing after development, while heated during the treatment. By 
heating, the thermal crosslinking reaction is caused in the resist. In 
the method, the crosslinking agent is preferably hexamethylol 
melamine. 
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* NOTICES * 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The formation approach of the resist pattern characterized by performing bridge formation 
material water-solution processing in the formation approach of the resist pattern dried while carrying out 
the rinse of the developer, without performing said rinse processing after development, and heating during 
processing after exposing a resist and developing this resist. 

[Claim 2] The formation approach of the resist pattern according to claim 1 characterized by causing heat 
crosslinking reaction to said resist by said thing [ heating ]. 

[Claim 3] Said bridge formation material is the formation approach of the resist pattern according to claim 
1 or 2 characterized by using an epoxy compound. 

[Claim 4] Said bridge formation material is the formation approach of the resist pattern according to claim 
1 or 2 characterized by using a hexa methylol melamine. 

[Claim 5] The formation approach of the resist pattern characterized by including the 1st process which 
develops said resist, the 2nd process which performs bridge formation material water-solution processing, 
without performing rinse processing after development, and the 3rd process which performs rinse 
processing and desiccation in the formation approach of the resist pattern using a chemistry magnification 
mold resist. 

[Claim 6] The formation approach of the resist pattern according to claim 5 characterized by heating bridge 
formation material at said 2nd process. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the formation approach of the resist pattern 
which prevented **** of a resist pattern with respect to the formation approach of a resist pattern. 
[0002] 

[Description of the Prior Art] The resist ingredient which are high sensitivity and high definition and is 
excellent in dry etching resistance is demanded with high integration of a semiconductor integrated circuit 
(LSI) in recent years. The exposure light source follows the photoresist which used as the base current 
and the novolak resin currently used widely on becoming short wavelength from i line (365nm) to KrF 
excimer laser (248nm), light transmission nature poses a problem, and use is difficult. For the reason, the 
chemistry magnification mold resist using catalytic reaction attracts attention, and application in a process 
is considered wholeheartedly. Moreover, the chemistry magnification mold resist is promising also as a 
resist ingredient of lithography, such as not only far ultraviolet rays but an electron ray, and an X-ray. 
[0003] A chemistry magnification mold resist consists of base resin and an acid generator (PAG), and, in 
the case of 3 component system, the dissolution inhibitor, the cross linking agent, etc. are contained. A 
chemistry magnification mold resist makes the matter (an acid or base) which has a catalysis by 
photochemical reaction generate, and makes the functional group or organic-functions matter in this 
matter and a macromolecule react into after [ exposure ] BEKU (PEBipost-exposure baking) performed 
succeedingly. The physical-properties reaction discovered with this reaction is used, and a resist pattern is 
formed. 

[0004] The example of a reaction of a typical chemistry magnification mold resist is shown in drawing 5 R> 
5. The acid generated from the acid generator (PAG) by exposure as shown in drawing 5 (a) can be 
committed as a catalyst, even after it causes the reaction from which one tertiary butoxycarbonyl (t- 
BOC:t-butoxycarbonyl) radical shown in drawin g 5 (b) is desorbed, it can exist as an acid, and it can make 
many reactions cause. In order to dissolve the generated polyhydroxy styrene in an alkali developer, the 
resist pattern of a positive type is obtained. 

[0005] Although, as for an acid generating reaction, only a maximum of one reaction occurs according to an 
operation of one photon, since it can contribute to many reactions, by the t-BOC decomposition reaction, 
one acid is called the chemistry magnification reaction. The conventional resist process using these resists 
is shown in drawin g 3 and 4. First, in order to make the front face of the semi-conductor substrate 10 into 
hydrophobicity, silane coupling agents, such as hexamethyldisilazane (HMDS) with high vapor pressure, 
perform surface treatment. 

[0006] Next, a resist 1 1 is applied on the semi-conductor substrate 10 using the rotation applying method. 
Since many solvents remain in the resist 1 1 in the condition of having applied and membranous free volume 
is greatly inferior to precision, the dissolution rate to a developer is in an unstable large and condition. For 
this reason, it prebakes, after applying a resist 1 1 in order to also raise adhesion with the semi-conductor 
substrate 10 and to stabilize a resist property further at the same time it volatilizes the residual solvent in 
a resist 1 1 with heat energy. 

[0007] Next, as shown in drawing 3 (a), it exposes with the equipment using the exposure light 12, such as 
ultraviolet rays, and an electron ray or an X-ray. Then, the acid which gave heat energy and was produced 
in resist 1 1 film by exposure is made to react as a catalyst by BEKU (PEB) after exposure. If a resist 1 1 is 



^negative mold and this acid catalyzed reaction is crosslinking reaction and a positive type, it will usually 
turn into a decomposition reaction of a dissolution suppression part. 

[0008] Next, as shown in drawing 3 (b), negatives are developed by piling the developer 13 using organic 
alkali water solutions, such as tetramethylammonium hydroxide (TMAH), on the semi-conductor substrate 
10, and standing it still. By this, ultraviolet rays, an X-ray, an electron ray, etc. are absorbed, a garbage is 
eluted using the difference of the dissolution rate to the developer 13 of a resist 1 1 which changed 
chemically, and a resist pattern 1 1 can be formed. 

[0009] the role which the rinse process (refer to drawin g 3 (c)) performed by continuing after this 
development washes [ role ] the developer 13 in a resist 1 1 by the rinse 14, and stops the development 
lytic reaction of a resist 1 1 — **** — it is. As for the rinse 14 used here, pure water is usually used. 
Finally the developer 13 and rinse 14 which remained on the inside of a resist 1 1 or a front face are 
volatilized and removed, and postbake is performed among 100 degrees C - 140 degrees C for the 
improvement in resistance as an etching mask pattern, adhesive strengthening with a substrate interface, 
etc. 

[0010] However, a detailed pattern as shown after this rinse process at drawing 4 (b) falls, and ******** 
occurs recently. Depending on the height of a resist pattern 1 1 and the ratio of line breadth, i.e., an aspect 
ratio, in the case of a 0.2-micrometer Rhine & tooth space, if an aspect ratio exceeds 5, a resist pattern 
will fall and ******** will generate this phenomenon. Furthermore, if a pattern becomes detailed, a resist 
pattern 1 1 will break down also from a smaller aspect ratio, and ******** will occur. Moreover, since the 
failure by the pattern is not dependent on the exposure method of the class of resist 1 1, or lithography and 
happens in any case, it poses a serious and serious problem as detailed-ization progresses. 
[001 1] This resist pattern 1 1 falls, and since surface tension 17 occurred [ the rinse 14 which remains 
between resist patterns 1 1 as shown in drawing 4 (a) ] between resist patterns 1 1 at the time of rinse 
desiccation, the cause of ******** takes place. 
[0012] 

[Problem(s) to be Solved by the Invention] In the resist process the purpose of this invention improves the 
fault of the above-mentioned conventional technique, and using the chemistry magnification mold resist 
especially A heat cross linking agent is made to permeate into a resist pattern by making cross linking 
agent water-solution processing in which the cross linking agent was used after development heat during 
deed processing. Heat crosslinking reaction is caused in a resist, the reinforcement of a resist pattern is 
raised, the resist pattern by the surface tension of a rinse falls, ******** etc. is prevented, and the 
formation approach of the new resist pattern which forms a good resist pattern is offered. 
[0013] 

[Means for Solving the Problem] Fundamentally, this invention adopts a technical configuration which was 
indicated below in order to attain the above-mentioned purpose. Namely, the 1st mode of the formation 
approach of the resist pattern concerning this invention In the formation approach of the resist pattern 
dried while carrying out the rinse of the developer after exposing a resist and developing this resist It is 
what is characterized by performing bridge formation material water-solution processing, without 
performing said rinse processing after development, and heating during processing. Moreover, the 2nd mode 
It is what is characterized by causing heat crosslinking reaction to said resist by said thing [ heating ]. 
Moreover, the 3rd mode It is what is characterized by using an epoxy compound for said bridge formation 
material. Moreover, the 4th mode It is what is characterized by using a hexa methylol melamine for said 
bridge formation material, Moreover, the 5th mode In the formation approach of the resist pattern using a 
chemistry magnification mold resist, it is characterized by including the 1st process which develops said 
resist, the 2nd process which performs bridge formation material water—solution processing, without 
performing rinse processing after development, and the 3rd process which performs rinse processing and 
desiccation. 

[0014] Moreover, the 6th mode is characterized by heating bridge formation material at said 2nd process. 
[0015] 

[Embodiment of the Invention] In the resist process which used the chemistry magnification mold resist 11, 
without performing rinse processing after development, the formation approach of the resist pattern 
concerning this invention is heated during processing while it performs cross linking agent water-solution 
processing using a cross linking agent 15, and it is in the resist pattern formation approach of finally 
performing rinse processing and desiccation. 



[QD16] The resist pattern formation approach of this invention is shown in drawing 1 and drawin g 2 . By 
making a cross linking agent 15 permeate into a resist pattern 11, and heating, the resist pattern formation 
approach of this invention causes heat crosslinking reaction in a resist 1 1 , and raises the reinforcement of 
a* resist pattern 11. Therefore, the resist pattern 1 1 by the surface tension 17 of the rinse 14 generated at 
the time of rinse desiccation can fall, ******** etc. can be prevented, and the good resist pattern 1 1 can 
be formed. Moreover, formation of the high resist pattern 11 of an aspect ratio also becomes possible. 
[0017] 

[Example] Below, the example of the formation approach of the resist pattern concerning this invention is 
explained at a detail, referring to a drawing. 

(The 1 st example) Drawing 1 is drawing showing the structure of the example of the formation approach of 
the resist pattern concerning this invention, after exposing a resist 1 1 and developing this resist 1 1, in 
these drawings, bridge-formation material water-solution processing performs, without performing said 
rinse processing after development, and the formation approach of the resist pattern heated during 
processing is shown in them in the formation approach of the resist pattern dried while carrying out the 
rinse of the developer 13. 

[0018] Below, this invention is explained further at a detail. In order first to make the front face of the 
semi-conductor substrate 10 into hydrophobicity, silane coupling agents, such as hexamethyldisilazane 
(HMDS) with high vapor pressure, perform surface treatment. Next, a resist 1 1 is applied on the semi- 
conductor substrate 10 using the rotation applying method. Since many solvents remain in the resist 1 1 in 
the condition of having applied and membranous free volume is greatly inferior to precision, the dissolution 
rate to a developer is in an unstable large and condition. For this reason, after applying a resist in order to 
also raise adhesion with the semi-conductor substrate 10 and to stabilize a resist property further at the 
same time it volatilizes the residual solvent in a resist 1 1 with heat energy, it prebakes between 90 degrees 
C and 110 degrees C. 

[0019] Next, as shown in drawing 1 (a), it exposes with the equipment using the exposure light 12, such as 
ultraviolet rays, and an electron ray or an X-ray. Then, the acid which gave heat energy and was produced 
in resist 1 1 film by exposure is made to react as a catalyst by performing BEKU (PEB) after exposure 
between 90 degrees C and 120 degrees C. Next, as shown in drawing 1 (b), the developer 13 which made 
2.38wt(s)% organic alkali water solutions, such as tetramethylammonium hydroxide (TMAH), is piled on the 
semi-conductor substrate 10, and negatives are developed by standing it still for 60- 120 seconds. By 
this, ultraviolet rays, an X-ray, an electron ray, etc. are absorbed, a garbage is eluted using the difference 
of the dissolution rate to the developer 1 3 of a resist 1 1 which changed chemically, and a resist pattern 1 1 
is formed. 

[0020] Next, without performing rinse processing, as shown in drawing 1 (c), pile the cross linking agent 
water solution 16 using the epoxy compound as a cross linking agent 15 on the semi-conductor substrate 

1 0, and it is made to stand it still 1 20 seconds or more, and heat-treats above 70 degrees C - 90 degrees 
C to coincidence. Thereby, when a cross linking agent 15 gives penetration and heat energy into a resist 

11, heat crosslinking reaction can occur in a resist 11, the base resin in a resist 1 1 can be made to be able 
to construct a bridge, and the reinforcement of a resist pattern 1 1 can be raised. 

[0021] Then, as shown in drawin g 2 (a), the cross linking agent water solution 16 in a resist 11 is washed 
and dried by the rinse 14 using pure water. Then, since the reinforcement of a resist pattern 11 is 
increasing even if the surface tension 17 of the rinse 14 which remains between resist patterns 11 at the 
time of rinse desiccation occurs, as shown in drawing 2 (b), a resist pattern 1 1 falls and ******** etc. does 
not happen. 

[0022] Finally a developer 1 3, a rinse 1 4, etc. which remained on the inside of a resist 1 1 or a front face 
are volatilized and removed, and postbake is performed among 1 00 degrees C - 1 40 degrees C for the 
improvement in resistance as an etching mask pattern, adhesive strengthening with a substrate interface, 
etc. Thereby, the good resist pattern 1 1 is obtained like drawing 2 (c). Moreover, the resist pattern 1 1 with 
a high aspect ratio can be obtained similarly. 

[0023] (The 2nd example) Next, the 2nd example of this invention is explained. First, like the 1st example, 
after performing surface preparation of the semi-conductor substrate 10, spreading of a resist 1 1, and 
prebaking, exposure and development are performed and a resist pattern 1 1 is formed. 
[0024] Next, pile the cross linking agent water solution 16 using the hexa methylol melamine as a cross 
linking agent 15 on the semi-conductor substrate 11, and it is made to stand it still 120 seconds or more. 



and heat-treats above 130 degrees C to coincidence. Thereby, like said example, when a cross linking 
agent 15 gives penetration and heat energy into a resist 1 1, heat crosslinking reaction can occur in a resist 
11, the base resin in a resist 1 1 can be made to be able to construct a bridge, and the reinforcement of a 
resist pattern 1 1 can be raised. 

[0025] Then, the good resist pattern 1 1 is obtained like said example by performing rinse 14 processing and 
desiccation and finally performing postbake. Moreover, the resist pattern 1 1 with a high aspect ratio can 
also be obtained. 
[0026] 

[Effect of the Invention] Since the formation approach of the resist pattern concerning this invention was 
constituted so that cross linking agent water-solution processing might be performed without performing 
rinse processing after development, a cross linking agent might be made to permeate into a resist by 
making it heat during processing and heat crosslinking reaction might be caused, the reinforcement of the 
resist pattern using a chemistry magnification mold resist can be raised, consequently a resist pattern falls, 
and ******** does not happen. 

[0027] Moreover, formation of the high resist pattern of an aspect ratio also becomes possible. 



[Translation done.] 
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